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Abstract The paper presents a set of equations enabling analysis of operation of a three-phase three-winding transformer under 
asymmetric load. For a selected asymmetric state of the transformer the characteristic output values of the transformer have been 
computed with the use of the Mathcad computer software. 
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I. INTRODUCTION 
Asymmetric condition of a transformer is caused by 
asymmetric phase loads or by asymmetry of the supply 
voltage The three-winding transformers used in power 
systems are usually not loaded with single-phase receivers 
(with neutral wire). Nevertheless, they are often loaded 
with the receivers in two-phase arrangement. In the 
industry the transformers are used with various types of 
receiver connections. The paper presents a set of 
equations describing the effects of various connection 
types on the current flux in the transformer windings and, 
in consequence, on the voltage values in both secondary 
windings. For the purposes of the present paper the terms 
the upper (g), medium (s) and bottom(d) windings are 
used, in accordance with similar terms related to the 
power transformers, irrespective of actual values of the 
voltages. 
II. CHARACTERISTICS OF THE PROBLEM 
In order to enable investigation of the impact of three 
various values on output parameters of the transformer, 
the equations include three coefficients k1,k2 and k3 as the 
independent values. The load impedances of particular 
phases of the medium voltage winding are defined by the 
equations (1): 
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The impedances are transformed into symmetrical 
components Zd1(k1,k2,k3), Zd2(k1,k2,k3), Zd0(k1,k2,k3). 
Afterwards, the currents of particular symmetrical 
components were calculated for the medium and bottom 
voltage windings, and formulated in the matrix form 
(without the s and d indexes) Untg is the rated voltage of 
the upper (primary) winding (2) 
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The terms of the matrix (2) for the bottom voltage are 
specified as an example (3): 
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The output voltages are obtained with the use of the 
transformation matrix based on the components 
symmetrical to the phase values. 
III. EXAMPLE CALCULATION RESULTS 
The formulae so derived were used for calculating 
some selected output values of a three-winding 
transformer 20/10/10 MVA, 110,33,6.6 kV. It was 
assumed that the transformer is asymmetrically loaded at 
the side of the bottom voltage, with symmetric load at the 
side of medium voltage. Figure 1 show the plots of the 
currents vs. the selected coefficients.  
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Fig. 1. Variation of the current in the bottom voltage winding 
vs. the k3 parameter 
 
IV. CONCLUSIONS 
The asymmetric load induces asymmetrical flux of the 
current in the transformer windings. In result, the output 
voltages and, in consequence, the voltage asymmetry 
coefficient, are asymmetrical too. It should be ensured that 
the load asymmetry cause no exceedance of rated current 
values at the side of the upper voltage.  
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